The effect of diets containing as their protein component wheat gluten or casein, fed ad libitum to adult male rats for 1 to 6 days, after 6 days of protein deprivation, on the liver levels of glucose-6-phosphate dehydrogenase (G8PD) and 6-phosphogluconate dehydrogenase (6PGD) were studied. In rats fed the gluten diet the values of body weight gain, liver size, liver protein, liver xanthine oxidase, GÂ«PD and 6PGD activities were lower in comparison with rats fed the casein diet. Amino acid supplements to the gluten diet improved the nutritive value of this diet, as shown b> the enhancement of body weight gain, liver size, liver protein and xanthine oxidase activity to levels found in rats fed the casein diet, but failed to increase GePD and 6PGD activities. Essential fatty acids added to the casein diet, in order to bring their level up to that of the gluten diet, proved incapable of decreasing the levels of GÂ«PD and 6PGD activities found in rats fed the casein diet..It was concluded that the differ ential effect of gluten and casein on liver GoPD and 6PGD is independent of differences in the nutritive value and in the essential fatty acid content of these proteins, and is dependent upon one or more factors different from those known to affect the liver HMP shunt dehydrogenases.
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It has been previously found that the increase in the hepatic levels of glucose-6-phosphate dehydrogenase (G6PD, EC 1.1.1.49) in rats fed a normal protein diet after protein deprivation was greater when casein replaced wheat gluten or soy protein as the dietary protein component (1, 2) . To explain these findings the investigation was limited to gluten and casein, since these proteins demonstrated the greatest influence over the hepatic levels of G0PD. This, however, does not imply that the results concerning casein and gluten can be implicitly applied to soy protein or to other proteins, which may have the same action upon GÂ«PDas gluten or casein.
It is known that wheat gluten, compared to casein, has a lower nutritive value (3) and contains higher amounts of essential fatty acids (4) . Since dietary proteins in crease (5-7) and, conversely, essential fatty acids decrease (8) (9) (10) (11) (12) (13) (14) (15) liver GCPD, it was relevant to enquire if the different en zyme response to gluten and casein may be ascribed to the different nutritive value of these proteins or to the essential fatty acid content of gluten. It has been demonstrated not only that the nutritive value of dietary protein is highly correlated with the activ ity of liver xanthine oxidase (EC 1.2.3.2) (16) (17) (18) (19) (20) and of kidney transamidinase ( 21 ), but also that the essential fatty acids are largely involved in the lowering effect manifested by wheat gluten on dietary hypercholesterolemia (22) . Therefore, in this study we have examined the effects on GÂ«PD, firstly, of amino acid supplements to the gluten diet and, secondly, of essential fatty acid increases in the casein diet. The research has also been extended to the other oxidative enzyme of the hexose monophosphate (HMP) shunt, 6-phosphoglu conate dehydrogenase (6PGD, EC 1.1.1.44).
The results demonstrate that both HMP shunt dehydrogenases are coordinately in fluenced by dietary proteins and that neither low nutritive value nor high fatty acid content are involved in the lower ac tivity of the liver enzymes in response to gluten when compared to that in response to casein.
MATERIALS AND METHODS
Male albino rats of the Wistar-Glaxo strain, fed a commercial standard dietÃ-from weaning, were used. The animals were housed in individual cages in an envi ronment at constant temperature (23Â°) and had free access to water and food throughout all the experiments.
First, a carbohydrate-rich, protein-free diet containing 33% water and the follow ing ingredients,1 (g by dry weight): olive oil, 3; corn oil, 1; Hawk-Oser salt mixture with additional Zn and Mn,2 4; vitamin mixture,3 1; dextrinized starch up to 100 was fed for 6 days. Successively, a diet containing as its protein component either 20.4% casein or 21.3% wheat gluten " was fed. The nitrogen content of the diet was 2.6%, supplied by either casein or wheat gluten. The nitrogen content of the casein and of the wheat gluten used was 12.9% and 12.4%, respectively. These and other additions, reported in the tables, were made by replacing equal amounts of starch.
At preselected times, between 9 and 10 AM, the animals were decapitated and their livers removed. The enzyme activities were assayed at 25Â°, using Bottomley's II method (23) for the GnPD and 6PGD, and Delia Corte's method (24) for the total xanthine oxidase. Total liver protein by biuret method (25) and glycogen (26-28) were also determined. In all cases body weight changes and food intake were recorded. The results were related to body weight at the end of protein deprivation and in the majority of cases the enzyme activities were related, as well, to the protein values.
Statistical analysis was carried out by analysis of variance. When the significance had been ascertained, the analysis of the differences between the means was con ducted according to the methods for sam ples of equal or unequal size, as the case required (29).
RESULTS
Rats fed a gluten or a casein diet ate the same amount of food; therefore, dif ferential effects brought about by these diets are not to be ascribed to a different energy intake but rather to specific com ponents of the dietary proteins.
The effects of feeding a gluten or a casein diet for 1, 2, 4 and 6 days after pro tein starvation are shown in table 1. Both diets caused a gain in body weight and, in comparison with rats at the end of protein deprivation, an evident increase in liver size, in liver protein content and in liver 6PGD and G0PD activities. However, the casein diet, compared with the gluten diet, tended to increase more markedly body weight, liver size, liver proteinâ€"but the differences were statistically significant only for liver protein on day 6â€"and caused significantly higher values of G8PD and 6PGD activities from day 2 and day 1, re spectively. Liver glycogen was high with both diets and tended to be higher during the first 2 days in rats fed the gluten diet. Since there were significant differences in the levels of the HMP shunt dehydroge nases between rats fed the diets with gluten and those fed the diets with casein on each day from day 2 to day 6 of feed ing, the enzyme assays in subsequent ex periments were carried out only on rats fed gluten or casein diets for 6 days.
The results in table 2 show that with larger numbers of rats the differences be tween the effects of casein and gluten diets on weight gain, liver size and liver proteins were all significant. Moreover, the supplementation of the gluten diet with lysine; lysine and threonine; or with an amino acid mixture comprising lysine, threonine, histidine, isoleucine, leucine, 1 Continuous extraction of wheat gluten with n-butanol using Nath's procedure (22) yielded 7% of crude fat. Therefore the gluten diet had a caloric value only slightly higher (about 7.5 kcal/100 g of diet) than the casein diet: thus the two diets may be considered Isocalorlc. methionine, tyrosine, tryptophan and valine (all in L-form) 6 improved the nutritive value of the gluten diet. However, the in crease in the nutritive value of the gluten diet brought about by amino acid supple ments had little effect upon the HMP shunt dehydrogenases.
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Since some liver parameters associated with protein biosynthesis are not correlated with the nutritive value of several dietary proteins on the basis of body weight gain (30), and since liver xanthine oxidase is a more reliable index than liver protein of the fulfillment of amino acid requirements ( 31 ), it was relevant to assay this enzyme in order to enquire if the amino acid sup plements were effectively capable of re moving the effects upon the liver caused by the deficiency of amino acids. Table 3 shows that the gluten diet induced a lower level of xanthine oxidase than did the casein diet, and that amino acid supple ments, under our conditions, were capable of increasing the levels of xanthine oxidase activity observed in rats fed the gluten diet compared with those found in rats fed the casein diet.
It has been suggested that liver HMP shunt dehydrogenases are increased by carbohydrate intake (32-34). Therefore, since amino acid supplements to the gluten diet slightly diminished starch content, we enquired whether a stimulation of HMP shunt dehydrogenases elicited by amino acids might be masked by a reduction in starch supply, although it seemed highly unlikely that minor differences in dietary carbohydrate content could influence the HMP shunt dehydrogenases. Table 4 shows that, in accordance with our expec tations, increasing proteins by 5% at the expense of starch did not modify the levels of HMP shunt dehydrogenases. Therefore, the general failure of amino acid supple ments to increase enzyme levels did not depend upon the slight reduction in car bohydrate supply.
In table 5 are shown the levels of HMP shunt dehydrogenases after a suitable sup plementation of the casein diet by essential fatty acids in order to make its essential fatty acid content comparable to that of the gluten diet. It may be seen that an in crease in essential fatty acid supply, within our limits, did not produce any relevant effect upon HMP shunt dehydrogenases, and further that differences between the rats fed the gluten diet and those fed the casein diet were still statistically significant. DISCUSSION According to our previous work (1, 2), the levels of both HMP shunt dehydrogen-"Tu ' Units/100 g body wt. One unit represents the reduction of 1 pinole of NADP per minute under the assay conditions. â€¢ In parentheses is given the number of rats. * Mean Â±SE. â€¢ Different letters indicate statistical signifi cance at P < 0.01.
' Gluten and supplements of Lys-HC1, 1% and Thr, 0.4%. â€¢ Carlo Erba, Milano, Italy.
ases were higher in the liver of the rats fed the casein diet, as compared to those fed the gluten diet. Amino acid supplements increased the nutritive value of the gluten diet to that of the casein diet, as shown by body weight gain, liver size, total liver proteins and liver xanthine oxidase activity, but they failed to modify the hepatic levels of the HMP shunt dehydrogenases. Such a finding al lows us to assert that the difference in nu tritive value between gluten and casein is not involved in their differential effect on liver HMP shunt dehydrogenases. More over, their different essential fatty acid levels do not account for this effect since the increase in essential fatty acid levels of the casein diet up to that of the gluten diet was not able to modify the enzyme activities.
The differential liver response to the di etary proteins is quite selective because, when the amino acid requirements were fully supplied, the levels of protein, of xanthine oxidase activity and of some other enzymes, as glutamic oxalacetic transaminase, glutamic pyruvic transaminase, serine dehydratase, tryptophan pyrrolase and histidase, regulated like HMP shunt dehydrogenases by protein intake, were the same in the livers of rats fed either the gluten or the casein diet.6 Mauron et al.
( 35 ) have recently shown that in the livers of rats fed a nonsupplemented gluten diet the serine dehydratase activity curve, as a function of the dietary protein level, is still similar to that of rats fed the casein diet.
It is well known that food intake stimu lates hepatic levels of the HMP shunt de hydrogenases (32, 36). Recently, it has been postulated that some factors influ encing these levels may act through their effect on the appetite (33, 34, 37). How ever, in our experiments the intake of the gluten or casein diet was the same and, therefore, the differences elicited by these diets cannot be ascribed to such an effect.
A number of dietary manipulations re garding the amount of protein (5) (6) (7) 38 ) or cholesterol (39) , the qualitative and quan titative supply of carbohydrate (33, 34, [40] [41] [42] or fatty acids (8) (9) (10) (11) (12) (13) (14) (15) as well as mineral (43) or vitamin (44) deficiencies are known to affect liver HMP shunt de hydrogenases. Yet none of these dietary actions can explain the differences observed in our research. Indeed a ) there were only slight differences in the amount of protein or in carbohydrate consumed between rats fed the gluten diet and those fed the casein diet;4 b ) the supply of essential fatty acids when perfectly equalized did not modify the difference in enzyme levels; c) the low enzymatic levels encountered in the liver of rats fed the gluten diet cannot be ascribed to cholesterol because of its low content in wheat lipids ( 45 ) ; d ) the supply of vitamins and minerals was sufficient to meet the growth needs of the rat.
Therefore, it may be suggested that the differential impact of gluten and casein on the liver, at least as concerns HMP shunt dehydrogenases, is ascribable to one or more gluten or casein factors, different from any factors previously listed, and able to cause a decrease or an increase, respec tively, in enzyme levels. Research on their features is now in progress.
Camus et al. (46) have reported that rats previously fed a 7% gluten diet and successively, after 24 hours starvation, a 18% casein diet showed an increase in the liver HMP shunt dehydrogenases which was not observed when the gluten diet re placed the casein diet. The low stimulative capacity of the gluten diet was attributed by the authors to amino acid deficiency. However, after our findings, such a result cannot be so easily explained because fac tors other than the low nutritive value of the gluten diet may be involved in the differential stimulation upon liver HMP shunt dehydrogenases by casein and gluten.
Nevertheless, it is possible that at a low gluten content the amino acid deficiency may wholly account for the effect ob served by the above-mentioned authors.
Incidentally, an increase of the liver HMP shunt dehydrogenases has been re ported in rats fed semisynthetic caseincontaining diets, in comparison with those fed standard laboratory diets (33, 42, 47, 48) . Our results do not allow us to exclude quantitative differences between these two diets in factors so far not recognized as act ing upon the HMP shunt dehydrogenases.
The possibility of influencing the HMP shunt dehydrogenases is noteworthy since it is generally felt that modifications of such levels are associated with important metabolic repercussion. In fasting ( 49--51) , in refeeding after starvation (47, 52) , in meal-feeding (53) (54) (55) (56) , in feeding high fat ( 15, 52 ) or orotic acid diets ( 57 ) and in diabetes (36, 58, 59) it was found that the changes in the levels of the HMP shunt dehydrogenases are closely correlated to variations in the rate of fatty acid synthesis. The modification in the enzyme levels has been related to NADPH requirements for the reductive synthesis of the fatty acids. Although it is held that an increase in the rate of fatty acid synthesis is the stimulus triggering the enzymatic adaptation (54, 60) , it seems highly likely that the levels of HMP shunt dehydrogenases may in fluence the maximal capacity for fatty acid synthesis. However, it is known that 1) the rate of fatty acid synthesis without corre sponding modifications in the HMP shunt dehydrogenases is increased by refeeding a protein-free diet after starvation (61) or by B-6 deficiency (44); 2) the regulation of the levels of the HMP shunt dehydro genases has been ascribed to NADPHdependent metabolic processes different from fatty acid synthesis like elongation or desaturation of the fatty acids carbon skele ton (8) , cholesterol synthesis (39) and steroid reduction (62) . Therefore, more work is necessary in order to clarify the metabolic functions of the dietary actions on liver HMP shunt dehydrogenases shown in this paper.
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